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(57) ABSTRACT

An outboard motor includes an exhaust pipe that includes an
outer wall section, an inner wall section, a coolant passage,
and a constricted section. The inner wall section is arranged
inward of the outer wall section. The coolant passage is
arranged between the outer wall section and the inner wall
section. The constricted section is configured to constrict a
flow cross section of the coolant passage. A catalytic con-
verter is housed in the exhaust pipe. A temperature sensor is
installed in the constricted section and measures a tempera-
ture of a pipe wall of the exhaust pipe.

4 Claims, 11 Drawing Sheets
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1
OUTBOARD MOTOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an outboard motor.

2. Description of the Related Art

In recent years, outboard motors equipped with catalytic
converters have been introduced to improve environmental
performance. In outboard motors equipped with catalytic
converters, measures are taken to detect overheating of an
exhaust pipe in order to prevent the catalytic converter from
being damaged by heat. When overheating is detected, a
control is executed to forcefully stop the engine or to issue a
warning through an indicator device to inform a driver. In
response, the driver then performs an inspection to eliminate
the overheating.

When detecting overheating in this way, if incorrect detec-
tions of overheating occur frequently, then the detections will
become bothersome for a driver who must conduct an inspec-
tion every time overheating is detected. Therefore, there is a
demand for preventing incorrect detections of overheating.
For example, Laid-open Japanese Patent Application No.
11-101172 discloses a watercraft engine exhaust apparatus
equipped with an exhaust gas temperature sensor and an
exhaust pipe temperature sensor. The exhaust gas tempera-
ture sensor measures a temperature of an exhaust gas at a
position downstream of a catalytic converter. The exhaust
pipe temperature sensor measures a temperature of a pipe
wall of the exhaust pipe at a position downstream of the
catalytic converter. Incorrect detections are prevented by
detecting overheating using detection signals from both the
exhaust gas temperature sensor and the exhaust pipe tempera-
ture sensor.

SUMMARY OF THE INVENTION

However, with the exhaust apparatus presented in Laid-
open Japanese Patent Application No. 11-101172, the num-
ber of parts is larger and, thus, the cost is higher because two
sensors, i.e., an exhaust gas temperature sensor and an
exhaust pipe temperature sensor, must be provided in order to
prevent an incorrect detection.

Accordingly, preferred embodiments of the present inven-
tion provide an outboard motor that prevents incorrect detec-
tions of overheating while also preventing an increase in the
number of parts.

An outboard motor according to a preferred embodiment
of'the present invention includes an engine, an exhaust mani-
fold, an exhaust pipe, a catalytic converter, and a temperature
sensor. The engine includes a plurality of cylinders, a plural-
ity of exhaust ports, and a crankshaft. The cylinders are
arranged side-by-side above and below one another. The
exhaust ports are provided on the cylinders, respectively. The
crankshaft is arranged to extend in a vertical direction. The
exhaust manifold is connected to the exhaust ports. The
exhaust pipe is connected to the exhaust manifold. The
exhaust pipe includes an outer wall section, and inner wall
section, a coolant passage, and a constricted section. The
inner wall section is arranged inward of the outer wall section.
The coolant passage is arranged between the outer wall sec-
tion and the inner wall section. The constricted section is
configured to constrict a flow cross section of the coolant
passage. The catalytic converter is housed in the exhaust pipe.
The temperature sensor is installed in the constricted section.
The temperature sensor is configured to measure a tempera-
ture of a pipe wall of the exhaust pipe.
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In an outboard motor according to this preferred embodi-
ment of the present invention, the temperature sensor is
installed in the constricted section of the exhaust pipe. At the
constricted section, a flow speed of a coolant is faster because
the coolant passage is narrower. Thus, when a flow rate of the
coolant in the coolant passage changes, the temperature of the
constricted section changes markedly. Consequently, over-
heating can be detected accurately by arranging for the tem-
perature sensor to measure a temperature of the pipe wall at
the constricted section of the exhaust pipe. As a result, incor-
rect detections of overheating can be significantly reduced
while preventing an increase in the number of parts

The above and other elements, features, steps, characteris-
tics and advantages of the present invention will become more
apparent from the following detailed description of the pre-
ferred embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side view of an outboard motor according to a
preferred embodiment of the present invention.

FIG. 2 is a rear view of the outboard motor.

FIG. 3 is a side view of an engine unit.

FIG. 4 is a sectional view taken along a section line [V-IV
of FIG. 1.

FIG. 5 is a sectional view taken along a section line V-V of
FIG. 1.

FIG. 6 is a sectional view taken along a section line VI-VI
of FIG. 2.

FIG. 7 is a side view of a catalytic converter unit.

FIG. 8 is a frontal view of the catalytic converter unit.

FIG. 9 is atop plan view of the catalytic converter unit.

FIGS. 10A and 10B are sectional views of the catalytic
converter unit.

FIGS. 11A-11C are sectional views of the catalytic con-
verter unit.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1is a side view of an outboard motor 1 according to a
preferred embodiment of the present invention. FIG. 2 is a
rear view of the outboard motor 1. As shown in FIG. 1 and
FIG. 2, the outboard motor 1 includes an upper casing 2, a
lower casing 3, an exhaust guide section 4, and an engine unit
5. In FIG. 1 and FIG. 2, the upper casing 2 is depicted in a
cross sectional view in order to facilitate understanding. The
upper casing 2, the lower casing 3, and the engine unit 5 are
fixed to the exhaust guide section 4.

The engine unit 5 is arranged inside the upper casing 2. The
engine unit 5 includes an engine 6. As shown in FIG. 1, a drive
shaft 11 is arranged inside the lower casing 3. The drive shaft
11 is arranged along a vertical direction inside the lower
casing 3. The drive shaft 11 is fixed to a crankshaft 26 of the
engine 6. A propeller 12 is arranged on a lower portion of the
lower casing 3. The propeller 12 is arranged below the engine
6. The propeller 12 includes a propeller boss 13. A propeller
shaft 14 is arranged inside the propeller boss 13. The propeller
shaft 14 is arranged to extend along a longitudinal direction
(front-back direction). The propeller shaft 14 is coupled to a
lower portion of the drive shaft 11 through a bevel gear 15.

In the outboard motor 1, a drive force generated by the
engine 6 is transmitted to the propeller 12 through the drive
shaft 11 and the propeller shaft 14. As a result, the propeller
12 is rotated in a forward direction or a reverse direction. In
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this way, a propulsion force is generated which propels a
watercraft hull to which the outboard motor 1 is attached
forward or backward.

As shown in FIG. 1, the outboard motor 1 includes an
exhaust passage 16. The exhaust passage 16 is arranged such
that it extends from the engine 6 to the propeller boss 13 of the
propeller 12 through the insides of the exhaust guide section
4 and the lower casing 3. Exhaust gas discharged from the
engine 6 passes from the exhaust passage 16 to the water
through an inside of the propeller boss 13.

FIG. 3 is a side view of the engine unit 5. As shown in FIG.
3, the engine 6 includes a cylinder block 21, a cylinder head
22, and a crankcase 23. The cylinder block 21 is arranged on
the exhaust guide section 4 and is fixed to the exhaust guide 4.
FIG. 4 is a sectional view of the outboard motor 1 taken along
a section line IV-IV of FIG. 1. As shown in FIG. 4, the
cylinder block 21 includes four cylinders 21a to 21d. The four
cylinders 21a to 21d are arranged side-by-side above and
below one another.

As shown in FIG. 3, the cylinder head 22 is arranged
rearward of the cylinder block 21. FIG. 5 is a sectional view
of'the outboard motor 1 taken along a section line V-V of FIG.
1. As shown in FIG. 5, intake ports 24a to 24d and exhaust
ports 25a to 25d are disposed inside the cylinder head 22.
Each of the intake ports 24a to 24d and each of the exhaust
ports 25a to 25d are connected to one of the cylinders 21a to
214, respectively. The intake ports 24a to 24d are arranged
vertically above and below one another. The intake ports 24a
to 24d are connected to a fuel supplying device not shown in
the drawings. The exhaust ports 25a to 254 are arranged
vertically above and below one another. The exhaust ports
25a to 25d extend in a lateral direction and connected to an
exhaust manifold 31 explained later.

As shown in FIG. 3, the crankcase 23 is arranged frontward
of the cylinder block 21. The crankshaft 26 (see FIG. 1) is
arranged inside the crankcase 23. The crankshaft 26 extends
along a vertical direction. An upper end portion of the drive
shaft 11 is connected to a lower end portion of the crankshaft
26. Movement of pistons (not shown) arranged inside the
cylinders 21a to 21d is transmitted to the drive shaft 11
through the crankshaft 26.

As shown in FIG. 3, the engine unit 5 includes the exhaust
manifold 31. The exhaust manifold 31 is arranged laterally of
the cylinder head 22 and on a side of the engine. The exhaust
manifold 31 is preferably formed as an integral portion of the
cylinder head 22. The exhaust manifold 31 is arranged to
extend along a vertical direction. As shown in FIG. 5, a
plurality of openings 364 to 364 are provided in the exhaust
manifold 31 and the exhaust manifold 31 connects to the
exhaust ports 25a to 254 through the openings 36a to 364,
respectively. Exhaust gas discharged from the exhaust ports
25a to 25d collects in the exhaust manifold 31. The exhaust
manifold 31 includes a first opening 33. The first opening 33
is positioned between the cylinder 214 positioned highest and
the cylinder 21d positioned lowest among the plurality of
cylinders 21a to 214.

As shown in FIG. 3, the engine unit 5 includes a catalytic
converter 32. As shown in FIG. 4 and FIG. 6, the catalytic
converter unit 32 includes a catalyst member 44 and a catalyst
housing pipe 45. The catalyst member 44 is arranged in the
exhaust passage 16 inside the catalyst housing pipe 45. The
catalyst housing pipe 45 is an example of the “exhaust pipe”
according to a preferred embodiment of the present invention.
The catalytic converter unit 32 is arranged laterally of the
engine 6. Thus, the catalyst member 44 is arranged laterally of
the engine 6. More specifically, the catalyst member 44 is
positioned higher than a lower edge portion of the cylinder
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21d, which is positioned lowest among the four cylinders 21a
to 21d. The catalyst housing pipe 45 is arranged horizontally
side-by-side with respect to the exhaust manifold 31. The
catalyst housing pipe 45 is arranged to extend in a vertical
direction. An end of the catalyst housing pipe 45 is connected
to the first opening 33 of the exhaust manifold 31. Another
end of the catalytic converter pipe 45 is connected to a second
opening 54 of the cylinder block 21 (explained later). The
catalyst member 44 supports a catalyst serving to clean
exhaust gas. The catalyst preferably is, for example, a three-
way catalyst. The catalyst member 44 preferably is a cylin-
drically shaped member having a honeycomb structure, for
example. Exhaust gas flows from above to below through the
catalyst member 44. The exhaust gas passing through the
exhaust passage 16 is cleaned as it passes through the catalyst
member 44 inside the catalyst housing pipe 45. The structure
of the catalytic converter unit 32 will be explained in more
detail later.

The exhaust manifold 31 and the catalytic converter unit 32
define a portion of the exhaust passage 16. The exhaust pas-
sage 16 also includes a first lower passage 51, a second lower
passage 52, and a third lower passage 53. The first lower
passage 51 is located inside the cylinder block 21. The first
lower passage 51 includes a second opening 54. The second
opening 54 is located in a lower portion of a side surface of the
cylinder block 21. The first lower passage 51 is connected to
the catalytic converter unit 32 through the second opening 54.
The second lower passage 52 is located inside the exhaust
guide section 4. As shown in FIG. 4 and FIG. 6, the second
lower passage 52 is connected to the first lower passage 51. As
shown in FIG. 1, the third lower passage 53 is located inside
the lower casing 3. The third lower passage 53 is connected to
the second lower passage 52. The third lower passage 53 is
also connected to the propeller boss 13.

In the outboard motor 1 according to this preferred
embodiment, exhaust gas discharged from the cylinders 21a
to 21d is guided from the cylinders 21a to 21d to underneath
the engine 6 by the exhaust passage 16. More specifically,
exhaust gas from the exhaust ports 25a to 254 of the engine 6
collects in the exhaust manifold 31. The exhaust gas flows
from the exhaust manifold 31 to the catalytic converter unit
32. The exhaust gas is cleaned as it passes through the catalyst
member 44 in the catalytic converter unit 32. The exhaust gas
then passes through the first lower passage 51, the second
lower passage 52, the third lower passage 53, and the inside of
the propeller boss 13 and is discharged to the outside.

As shown in FIG. 3 and FIG. 4, the catalytic converter unit
32 is equipped with a first oxygen sensor 55 and a second
oxygen sensor 56 to detect an oxygen concentration of the
exhaust gas. The first oxygen sensor 55 is arranged upstream
of the catalyst member 44 inside the exhaust passage 16.
More specifically, the first oxygen sensor 55 is arranged
above the catalyst member 44 inside the catalyst housing pipe
45. The second oxygen sensor 56 is arranged below the cata-
lyst member 44 inside the catalyst housing pipe 45. The
second oxygen sensor 56 is arranged downstream of the cata-
lyst member 44 inside the exhaust passage 16. Detection
signals from the first oxygen sensor 55 and the second oxygen
sensor 56 are fed to an ECU not shown in the drawings. The
ECU controls the engine 6 based on detection values from the
first oxygen sensor 55 and the second oxygen sensor 56.

The structure of the catalytic converter unit 32 will now be
explained in more detail. FIG. 7 is a side view of the catalytic
converter unit 32. FIG. 8 is a frontal view of the catalytic
converter unit 32. FIG. 9 is a top plan view of the catalytic
converter unit 32.
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The catalyst housing pipe 45 includes a first curved section
46, a straight section 47, and a second curved section 48. The
first curved section 46 is configured to curve toward the first
opening 33 of the exhaust manifold 31. The straight section
47 is configured to extend straight in a vertical direction. The
straight section 47 is arranged below the first curved section
46. The catalyst member 44 is arranged inside the straight
section 47. The second curved section 48 is arranged below
the straight section 47. The second curved section 48 is con-
figured to curve toward the second opening 54 of the cylinder
block 21. As shown in FIG. 9, the catalyst housing pipe 45
includes a first side surface 58 that faces the engine 6 and a
second side surface 59 that is farther from the engine 6 than
the first side surface 58. A temperature sensor 61 is installed
in the second side surface 59 of the catalyst housing pipe 45.
The temperature sensor 61 measures a temperature of a pipe
wall of the catalyst housing pipe 45. The ECU (not shown in
the drawings) determines if overheating of the engine 6 is
occurring based on a detection value of the temperature sen-
sor 61. The first oxygen sensor 55 is installed in the second
side surface 59 of the catalyst housing pipe 45.

FIG. 10A is a sectional view taken along a section line
AA-AA of FIG. 7. FIG. 10B is a sectional view taken along a
section line AB-AB of FIG. 7. FIG. 11A is a sectional view
taken along a section line BA-BA of FIG. 7. FIG. 11B is a
sectional view taken along a section line BB-BB of FIG. 7.
FIG. 11C is asectional view taken along a section line BC-BC
of FIG. 7. As shown in FIGS. 10A, 10B and FIGS. 11A-11C,
the catalytic housing pipe 45 includes an outer wall section
62, an inner wall section 63, and a coolant passage 64. The
inner wall section 63 is arranged inward of the outer wall
section 62. The coolant passage 64 is arranged between the
outer wall section 62 and the inner wall section 63. A coolant
flows through the coolant passage 64. The catalytic converter
unit 32 is cooled by the coolant in the coolant passage 64. As
shown in FIG. 6, coolant passages 64 are also provided inside
the cylinder block 21 and the exhaust manifold 31. The cool-
ant passage 64 of catalytic converter unit 32 communicates
with the coolant passage 64 of the cylinder block 21 and the
coolant passage 64 of the exhaust manifold 31.

As shown in FIG. 10A, FIG. 11A, and FIG. 11B, the
catalyst housing pipe 45 includes a constricted section 65.
The constricted section 65 is a portion of the catalyst housing
pipe 45 where the coolant passage 64 is not provided and
constitutes a rib connecting the inner wall section 63 and the
outer wall section 62 together. Consequently, a flow cross
section of the coolant passage 64 is reduced at the constricted
section 65. In other words, the constricted section 65 con-
stricts the flow cross section of the coolant passage 64. As
shown in FIG. 9, the constricted section 65 is provided at the
second side surfaces 59. The constricted section 65 is also
provided at the first curved section 46. Therefore, the con-
stricted section 65 is arranged upstream of the catalyst mem-
ber 44 in the catalyst housing pipe 45. The constricted section
65 is positioned above the catalyst member 44.

The constricted section 65 includes a protruding section 66
and a hole 67 (see FIG. 11A). As shown in FIG. 9, the
protruding section 66 protrudes outward of the catalyst hous-
ing pipe 45 from an external surface of the catalyst housing
pipe 45. The protruding section 66 includes a flat surface 66a.
As shown in FIG. 10A, a hole 665 is formed in the flat surface
66a. The hole 6654 is configured to recede inward toward the
inside of the catalyst housing pipe 45 from the flat surface
664a. The hole 665 does not communicate with the exhaust
passage 16 inside the catalyst housing pipe 45 and a bottom of
the hole 665 is closed. The temperature sensor 61 is installed
in the hole 665 of the flat surface 66a. As shown in FIG. 11B,
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a thickness of the catalyst housing pipe 45 at the protruding
section 66 is larger than a thickness of the catalyst housing
pipe 45 at other portions.

As shown in FIG. 11A, the hole 67 communicates with the
exhaust passage 16 inside the catalyst housing pipe 45. The
first oxygen sensor 55 is installed in the hole 67 of the con-
stricted section 65. As shown in FIG. 7, the second curved
section 48 includes a hole 68 similar to the hole 67 of the first
curved section 46. As shown in FIG. 3, the second oxygen
sensor 56 is installed in the hole 68 of the second curved
section 48.

In the outboard motor 1 according to this preferred
embodiment, the temperature sensor 61 is preferably
installed in the constricted section 65 of the catalyst housing
pipe 45. At the constricted section 65, a flow speed of the
coolant is faster because the coolant passage 64 is narrower.
Thus, when a flow rate ofthe coolant in the coolant passage 64
changes, the temperature of the constricted section 65
changes markedly. Consequently, overheating can be
detected accurately by arranging for the temperature sensor
61 to measure a temperature of the pipe wall at the constricted
section 65 of the catalyst housing pipe 45. As a result, incor-
rect detections of overheating can be significantly reduced
while preventing an increase in the number of parts.

Since the first oxygen sensor 55 is inserted inside the
exhaust passage 16, it is necessary to provide a hole 67 that
passes through the wall portion of the catalyst housing pipe 45
in order to install the first oxygen sensor 55 in the catalyst
housing pipe 45. Since the coolant passage 64 is not arranged
in the constricted section 65, the hole 67 can easily be formed
such that it passes through to the exhaust passage 16 inside the
catalyst housing pipe 45. Thus, the constricted section 65 can
also serve as a mounting section for the temperature sensor 61
and a mounting section for the first oxygen sensor 55.

Since the constricted section 65 is a rib connecting the
inner wall section 63 and the outer wall section 62, the thick-
ness of the catalyst housing pipe 45 at the constricted section
65 is larger than the thickness of the catalyst housing pipe 45
at other portions. Consequently, the thermal capacity of the
constricted section 65 is larger than the thermal capacity of
the other portions and a decline in the resistance to heat can be
prevented even though the coolant passage 64 is not provided
in the constricted section 65.

The constricted section 65 is preferably provided at the first
curved section 46. Since the exhaust passage 16 is curved at
the first curved section 46, the exhaust gas readily strikes
against the constricted section 65. Consequently, the tem-
perature sensor 61 can measure a temperature of the pipe wall
accurately.

The constricted section 65 is preferably provided at the
second side surface 59 of the catalyst housing pipe 45. Con-
sequently, the catalytic converter unit 32 can be arranged
closer to the engine 6 than if the constricted section 65 were
provided at the first side surface 58. As a result, the engine 6
and the catalytic converter 32 can be arranged in a more
compact fashion.

Although a preferred embodiment of the present invention
has been described above, the present invention is not limited
to the preferred embodiment described above. Various
changes can be made without departing from the scope of the
present invention.

The number of cylinders is not limited to four. Having three
or fewer cylinders is also acceptable. It is also acceptable to
have five or more cylinders. Although in the previously
explained preferred embodiment, the constricted section 65 is
preferably provided at the first curved section 46, it is also
acceptable to provide the constricted section 65 at the straight
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section 47 or another portion, for example. Although in the
previously explained preferred embodiment, the constricted
section 65 is preferably provided at the second side surface 59
of'the catalyst housing pipe 45, it is also acceptable to provide
the constricted section 65 at the first side surface 58. However,
as explained previously, it is preferable to provide the con-
stricted section 65 at the second side surface 59 from the
standpoint of arranging the engine 6 and the catalytic con-
verter unit 32 in a compact fashion. It is also acceptable to
provide the constricted section 65 at a front surface of the
catalyst housing pipe 45.

While preferred embodiments of the present invention
have been described above, it is to be understood that varia-
tions and modifications will be apparent to those skilled in the
art without departing from the scope and spirit of the present
invention. The scope of the present invention, therefore, is to
be determined solely by the following claims.

What is claimed is:

1. An outboard motor comprising:

an engine including a plurality of cylinders arranged side-
by-side above and below one another, a plurality of
exhaust ports provided on the plurality of cylinders, and
a crankshaft extending in a vertical direction;

an exhaust manifold connected to the exhaust ports;

an exhaust pipe connected to the exhaust manifold, the
exhaust pipe including an outer wall section, an inner
wall section located inward of the outer wall section, a
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coolant passage located between the outer wall section
and the inner wall section, and a constricted section that
constricts a flow cross-section of the coolant passage;
a catalytic converter housed in the exhaust pipe; and
a temperature sensor located in the constricted section to
measure a temperature of a pipe wall of the exhaust pipe;
wherein
the constricted section and the temperature sensor are
upstream of the catalytic converter in the exhaust pipe.
2. The outboard motor according to claim 1, further com-
prising:
an oxygen sensor that detects an oxygen concentration of
exhaust gas from the exhaust ports; wherein
the constricted section includes a hole that passes through
to an inside of the exhaust pipe; and
the oxygen sensor is located in the hole of the constricted
section.
3. The outboard motor according to claim 1, wherein the
exhaust pipe includes a curved section having a curved shape

20 and the constricted section is provided at the curved section.

4. The outboard motor according to claim 1, wherein

the exhaust pipe is located laterally relative to the engine;

the exhaust pipe includes a first side surface that faces the
engine and a second side surface that is farther away
from the engine than the first side surface; and

the constricted section is located at the second side surface.
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